SUMMARY: The Belt Sea cod stock produced very different year class abundances from 1993 to 1999. After the strong year class 1994 a poor year class 1995 followed. Stronger year classes were observed again in 1996 and in 1997. Comparative analyses of the maturity development of female cods, of the fecundity and of the year class abundance demonstrated the following: The maturity development of female cods from November to March was very different in the years investigated. However, the analyses showed that an early or late beginning of the maturity development did not give any indications concerning the new year class abundance. The year class strength of Belt Sea cod is mainly determined by the portions of female cod having a maturity stage of more than II at the beginning of the main spawning season in March. A trawl survey during the beginning of the spawning season for estimating the portions of active female spawners can be used for assessing the actual potential population fecundity and arriving at a first estimate of the new year class abundance with acceptable accuracy. These data are available before the spawning season of the Belt Sea cod is finished. The large variations of the portions of active female spawners are influenced by the abundance and the spatial distribution of the main prey component age group 1 herring and by the temperature conditions during the prespawning period.
INTRODUCTION
The importance of recruitment estimation for the prediction of stock abundance is high and extensively described. Early and precise estimations have a special importance for short-term stock predictions. This importance increases when the age structure of the stock is dominated by age groups with a high portion of first spawners.
Such a situation was observed in the Baltic cod stocks during the 1990s. Age groups 3 and 4, corresponding to the length range from 35 cm to 45 cm, were dominant in the landings of the commercial fishing in the western Baltic Sea, ICES Subdivision 22 and 24. A comparable situation occurred in the eastern Baltic cod stock, ICES Subdivision 25 to 32.
The comparisons of the year class abundances of Belt Sea cod (distribution area ICES Subdivision 22 and 24) showed that very different year classes have grown up. Year class 1995 was very poor. In contrast to this the abundances of year classes 1994 and 1996 were high and that of 1997 was very high (ICES, 1999a) .
Up to now a first estimate of the new year class of the Belt Sea cod stock come from trawl surveys in November for age group 0 and from surveys in February for assessing age group 1. These data are available about one year before the year class is used by commercial fisheries.
Extensive investigations concerning the reproduction biology of Belt Sea cod started in the Institute of Baltic Fisheries, in Rostock in 1992. The analyses concentrated on factors which have effects during the process of ripening of sexual products and during the spawning process. Bleil and Oeberst (1996) showed that high correlation exists between absolute individual fecundity and total body weight for Belt Sea cod, and the fecundity did not vary significantly from one year to the next. Analyses concerning the maturity development of Belt Sea cod (Berner and Vaske, 1981; Bleil and Oeberst, 1997; Müller, 1999) showed that this parameter depends on sex and the total length of the individuals, that this parameter varied considerably between the different years, and that the portions of female cod, which participated in the spawning activities, were very different in the years investigated.
Additional results were obtained in marine hatchery under controlled and almost natural conditions (Bleil and Oeberst, 1998) . These experiments confirmed the observations concerning the maturity development in the western Baltic Sea that larger/older cods start their spawning activities earlier and spawn over a longer period than the smaller specimens. Larger individuals are able to develop larger amounts of oocytes until spawning and higher portions of spawned eggs are suitable for fertilisation. These results correspond well with observations of Kjesbu (1994) , Kjesbu and Holm (1994, 1996) , Marshall et al. (1999) , Marteinsdóttir and Steinarsson (1996, 1999) and Trippel (1999) .
Furthermore, analyses showed that the factors which determine the recruitment success of the eastern Baltic cod were quite different from those factors which are significant for the Belt Sea stock (Anon., 1998; Oeberst and Oeberst, 1999) . During the spawning period in the Belt Sea the hydrographical conditions were in such ranges that fertilisation and development of eggs were not influenced significantly (Bleil and Oeberst, 2000) . Hinrichsen et al. (1999 Hinrichsen et al. ( , 2000 showed that eggs and larvae of Belt Sea cod can be transported in an eastern direction caused by western winds. Moreover, eastward migrations of juvenile cods were detected in areas east of Bornholm after the settling (Oeberst, 1999) .
The aim of this article is to examine the factors that are responsible for the high variations of the year class abundance of the Belt Sea cod stock and to identify those factors that would allow an early prediction of recruitment. The analyses focused on factors which act before and during the spawning process. Figure 1 presents the Baltic Sea with the ICES subdivisions (SD). The area under investigation is shown in a separate map.
MATERIAL AND METHODS
The data for estimating the development of ripening and for observing the spawning process (maturity surveys) were sampled with research cutters in November, January and March using a cod end mesh size of i=105mm. After each haul hydrographical measurements were carried out using CTD probes. The parameters temperature, salinity and oxygen saturation were sampled as profiles from the surface to near to the bottom. The same stations as used during the demersal trawl surveys in November have been applied during the maturity surveys for sampling data concerning the reproduction biology of cod since 1992. The demersal trawl surveys in November were developed for assessing abundance indices of the cod stocks. The positions of the survey stations were selected randomly based on statistical analyses Schulz, 1980, 1985) . After this random selection the positions were used as fixed stations during the subsequent surveys.
Standard routines of the Institute of Baltic Fisheries in Rostock were applied for measuring biological parameters of specimens. All parameters were measured on fresh fish. The following data were used:
-total length, -total body weight, -age (using otolith), -sex and -maturity stage. The determination of the maturity stages was carried out macroscopically using the 8-index scale of Maier (1908) modified for cod by Berner (1960) .
Since only a low portion of cods caught was aged during the first years of investigation the total length of the specimens was alternatively used. The total length was grouped into 10 cm length intervals. The length of 35 cm, the minimum landing size for the commercial fisheries, was selected as a starting point. The grouping into 10 cm classes was applied because the length range from 35 cm to 45 cm was dominant in the current cod stock. Since this length range consists mainly of specimens with the age of 3 and 4 years during the spawning seasons of Belt Sea cod (February-May) it is possible to combine length based maturity estimates of this length range with age based stock data of age groups 3 and 4 together.
The results presented are based on analyses of more than 8000 individuals caught in the Belt Sea, Subdivision 22, the most important spawning areas of Belt Sea cod (Bleil and Oeberst, 2000) . Additionally, about 800 cods were sampled in the Kattegat (SD 21) and about 6400 specimens were caught in the Arkona Sea (SD24).
The potential population fecundity (the potential egg production) estimates the number of oocytes which are produced by female cods. It is assessed by combining the stock numbers, mean weight-at-age, the maturity ogives and the sex ratios from the assessment working group (ICES, 1999a) together with the absolute individual fecundity. The absolute individual fecundity was estimated by the relation between total body weight and the number of oocytes given by Bleil and Oeberst (1993) . They showed that the absolute individual fecundity of Belt Sea cod was not influenced significantly by area and time.
The assessment working group used constant maturity ogives for the periods from 1990 to 1994 and from 1995 to 1998. Since estimates of the potential population fecundity, which are based on constant maturity ogives, were not suitable for estimating the new year class abundance (Oeberst and Bleil, 1999) and only a low portion of cods caught was aged during the first years of studies, the portions of active female spawners were estimated for length classes in March in year j. P M35 (j) denotes the portions of active female spawners of the length range from 35 cm to 45 cm, P M45 (j) presents estimates of the length range from 45 cm to 54 cm and P M55 (j) summarizes cods larger than 54 cm. The weighted mean of these values was used to estimate the total portion of active female spawners in March in year j, P M (j), using the length distribution as weighting factor. These estimates in combination with data of stock abundance were applied to estimate the actual population fecundity. An active female spawner was defined as female cods with a maturity stage higher than II with started maturity development. Since the maturity development was only separated into two groups (I-II, III-VIII), the determination of the maturity stage is not likely to be a source of biased estimates.
As an index of the new year class, 0-group estimates by the German demersal trawl surveys in November were used, T 0 (j) Schulz, 1980, 1985; Schulz and Vaske, 1988b; Hinrichs et al., 1991; ICES., 1999b) .
To evaluate the temporal process of the maturity development during the prespawning period from November of the previous year until March, the portions of female spawners with a maturity stage higher than II were estimated for November (P N (j)) and January (P J (j)).
In the late eighties an international co-ordinated programme started for analysing the stomach content of cod in the Baltic Sea, for estimating consumption rates of cod and for assessing the preypredator relationships between cod, herring and sprat (Schulz, 1987 (Schulz, , 1988 (Schulz, , 1989a Bagge, 1989; Uzars, 1989 Uzars, , 1995 Sparholt, 1994) . Schulz (1987 Schulz ( , 1988 Schulz ( , 1989 showed that age group 1 herring is the main food component of cod with a total length larger than 34 cm in the western Baltic Sea. About 30% of the prey was herring (about 50% of the prey was fish). Estimates of abundance and spatial distribution of herring and sprat are available from the inter-national coordinated acoustic surveys in the Baltic Sea in October (ICES, 1999b) Besides the main food component, the strong dynamics of the hydrographical conditions in the deepest areas of the Belt Sea during the prespawning period can influence the maturity development.
To obtain representative mean temperature values in the Belt Sea, data from the Federal Maritime and Hydrography Agency in Hamburg and from the Institute of Baltic Sea Fisheries in Rostock were combined for periods of about two months. These data include continuous measuring of the Kiel Lighthouse (54°30'N, 10°16'E), of the Fehmarn Belt boy (54°36'N, 11°09'E) and of the pile Darss Sill (54°42'N, 12°42'E), as well as measurements of CTD probes.
Using multiple regression models the effects on year class abundance of actual population fecundity, the portions of active female spawners in March, the portions of females which started maturity development in November of the year before, the abundances and the spatial distributions of the main food component of adult cod and the temporal development of temperature close to the bottom of the Kiel Bay and of the Mecklenburg Bay were analysed. The statistical analyses were carried out using the software "Statgraphics Plus" (1996) 
RESULTS

Actual population fecundity, F A (j), and its relation to the year class index, T 0 (j)
The portions of active spawners in March, P M (j), by length interval and year, including the length intervals from 35 cm to 44 cm, P M35 (j), from 45 cm to 54 cm, P M45 (j), and larger than 54 cm, P M55 (j), are presented in Table 1 . The variability of portions of active female spawners was highest for the smallest cods and varied between 18% and 89%. The portions of larger cods were relatively high and the variability was smaller. However, it should be pointed out that only few cods with a total length of more than 54 cm were caught.
Using the portions of active female spawners in combination with estimates of stock abundance (ICES, 1999a) , the actual population fecundity of the Belt Sea cod stock was estimated. Since the age groups 3 and 4 together made up between 50% and 86% of the potential spawning stock, these age groups were dominant in the length range from 35 cm to 45 cm. Because the portions of active female spawners of this length range (P M35 (j)) varied greatly, it was checked whether the actual population fecundity of these age groups of the Belt Sea cod stock in year j, F A (j), can explain the variability of the year class abundance. Table 2 shows the estimates of F A (j) together with the potential population fecundity and estimates of the 0-group trawl index, T 0 (j). The values of actual and potential population fecundity did not correspond well. It was examined whether a correlation exists between the actual population fecundity, F A (j), and the first estimation of the year class abundance, T 0 (j). The regression log(T 0 (j)) = -22.7 + 2.1 * log(F A (j)) was estimated. Both regression coefficients were significantly different from zero and the correlation coefficient was 0.88. The high correlation coefficient of 0.88 shows that the number of oocytes produced by the female cods significantly influences the reproduction success of the Belt Sea cod stock.
Portions of active female spawners in relation to the index of the year class abundance
Since the combination of data by age group (stock in number, sex ratio…) with the portions of active female spawners for length intervals can produce inaccuracies, it was furthermore examined whether the portions of active female spawners with a total length of 35 cm to 44 cm in March, P M35 (j), were correlated with T 0 (j). The following regression function was estimated with a correlation coefficient of 0.96: log(T 0 (j)) = -9.4 + 3.8 * log(P M35 (j))
The regression coefficients (intercept and slope) were different from zero. The high correlation coefficient is an evidence of the importance of P M35 (j) concerning the new year class of the Belt Sea cod stock and that the constant maturity ogives used (ICES, 1999) are not suitable for predicting the new year class abundance.
Possible reasons for the variability of the portion of active female spawner
Since the portions of active female spawners had such importance concerning the new year class abundance, it was examined which factors determine the variability of the portion of active female spawners in March and whether the year class abundance can be assessed even earlier.
Analyses indicated that the developments of the portions of active female spawners from November until March were different during the period from 1993 to 1999. The estimates are given in Tables 3  and 4. Table 3 presents the estimates for cod with a total length of 35 cm to 44 cm for the months November of the year before, January and March. The estimates for cod with a total length of 45 cm to 54 cm are given in Table 4 . The portions of active female spawners of spawning season 1996 did not change significantly from November 1995 until March 1996. In contrast to this the portions increased from 0%, P N35 (j), to 76.2%, P M35 (j), and from 23.8%, P N45 (j), to 89.1%, P M45 (j), from November 1993 until March 1994. Similar developments can be observed for other years.
The accumulation of energy reserves, which are necessary for the development of the sexual products, can be influenced by different factors (Hutchings and Myers, 1993; Baranova, 1995; Lambert and Dutil, 1997; Marshall et al., 1998 Marshall et al., , 1999 Trippel, 1999) . Low densities of the main prey organisms can impede the storage of the necessary reserves. Marteinsdóttir et al. (1999) described this effect for cod in Icelandic waters. Furthermore, unfavourable conditions of temperature can influence maturity development.
Therefore, it was analysed whether the increase in the portions of active female spawners during the prespawning period was influenced by the abundance and the spatial distribution of the main food species, age group 1 herring and sprat (Schulz, 1987 (Schulz, , 1988 (Schulz, , 1989 .
Temperature values between 9.5°C and 12.9°C were observed in the Kiel Bay and in the Mecklenburg Bay in August from 1993 to 1998. Only in August 1997 was a lower temperature of 8.5°C measured in the Mecklenburg Bay. In December the temperature varied between 4°C and 8°C. Since these strong changes also can influence the increase in the portions of active female spawners, the temporal development of the mean temperature in the Kiel Bay and in the Mecklenburg Bay was used in the regression models.
Estimates of the abundance of age group 1 herring in October based on international acoustic surveys are presented in Table 5 -during December-January, TE D (j), and -during February-March, TE F (j) concerning the development of the portions of active female spawners from November to March, P M35 (j) -P N35 (j), were examined. Since the number of data sets was low it was necessary to consider different models with a more limited number of parameters. The following regression was the model with the highest coefficient of determination (99%). The p-value of TE O (j) was 0.06 and the p-values of all other independent variables were less than 0.05. The coefficient of determination and the p-values are evidence of the significant influence of the main prey component. Likewise, the p-values suggest that the mean temperature during OctoberNovember was also important. Further models showed that the mean temperature in the subsequent periods were not important for the development of the portions of active female spawners.
Besides the abundance of the main food component, the spatial distribution between the ICES Subdivisions 22 and 24 was also significant. The different sign of the regression coefficients suggests that positive effects can be observed when the main part of this year class stayed in Subdivision 22. Additional analyses showed that the abundance of sprat did not influence the maturity development.
DISCUSSION
Although the available data base includes only the period from 1993 to 1998, a relatively short time series for analyses of this type, the results may be representative for the reproduction process of the western Baltic cod because poor, mean and strong year classes occurred during this period. These results are also suitable for developing new and optimised sampling strategies.
The analyses support the hypothesis that the variation of the maturity development significantly influences the year class strength of this stock Oeberst, 1997, 1998) . These results correspond with observations concerning the Canadian cod stocks. Trippel (1999) summarised that changes in the age structure of the spawning stock were connected with a "loss of large, old, experienced spawners, younger ages and smaller sizes at sexual maturity, reduced egg quality, shorter spawning period, as well as low condition factors". Such spawning stocks do not produce a stable recruitment and are sensitive to human activities. Since the structure of the spawning stock of Belt Sea cod is dominated by young (age group 3 and 4) and small (30 cm to 50 cm) female spawners with high variability of the portions of active female spawners, it is unlikely that a stabilisation of the recruitment will occur in the near future. This hypothesis is supported by the stable relation of the absolute individual fecundity with the total body weight (Bleil and Oeberst, 1996) .
The regression functions that describe the relations of the new year class with the actual population fecundity, F A (j), and with the portions of active 186 R. OEBERST and M. BLEIL female spawners, P M35 (j), suggest that factors such as oxygen content and predation of eggs by sprat that affect the reproduction success of the eastern Baltic cod stock are not important for the Belt Sea cod stock (Berner et al., 1988a (Berner et al., , b, 1989 Plikshs et al., 1993; Nissling et al., 1994; Nissling and Westin, 1997; Wieland, 1995; Anon., 1998; Vallin et al., 1999; Jarre-Teichmann et al., 2000) . Less importance of factors that affect the recruitment development after the spawning process is supported by knowledge of the conditions in the area. Although the hydrographical situation in the western Baltic Sea is characterised by a high variability of the essential reproduction parameters salinity, temperature and oxygen content Matthäus et al., 1994 Matthäus et al., , 2000 , Bleil and Oeberst (2000) showed that the hydrographical conditions varied in ranges which did not influence the fertilisation and the development of spawned eggs negatively. According to Westernhagen (1970) , Graumann (1974) , Westin and Nissling (1991) , Nissling et al. (1994) and Nissling and Westin (1997) , salinity is a major factor which influences the fertilisation of cod eggs in the Baltic Sea. Eggs spawned by the Belt Sea cod need a salinity of more than 14 PSU (marine condition). Westernhagen (1970) defined the lowest boundary for successful fertilization with 15 PSU. Investigations of the Institute of Baltic Sea Fisheries in Rostock support these results (Bleil, 1994 (Bleil, , 1995 (Bleil, , 1999 . The salinity close to the bottom and in the reproductive layer varied between 15 PSU and 28.9 PSU in Kiel Bay and in Mecklenburg Bay during the spawning seasons from 1993 to 1998. The temperature varied between -0.5°C and 11.8°C in the same period. According to Westernhagen (1970) and Wieland et al. (1994) the range from 2°C to 5°C is the optimum temperature level for successful fertilization and development of Baltic cod eggs. Laurence and Rogers (1976) showed that temperatures between 0°C and 10°C also allow successful fertilisation and development of cod eggs. The oxygen contents during the spawning seasons were always higher than 2 ml/l, the limit for successful development of cod eggs in the Baltic Sea (Ohldag, 1991; Wieland et al., 1994) . Hinrichsen et al. (1999 Hinrichsen et al. ( , 2000 showed that wind determined water transport processes within the upper layer can shift cod eggs from the Belt Sea (SD22) into the Bornholm Basin (SD25) within 25 days. The mostly western winds are the reasons of relative fast decrease in the density of spawned eggs and of larvae per m 2 because they are transported into areas where spawning activities do not occur at the same time. As a consequence, the influence by predators decreases. In addition, the competition pressure of hatched larvae at the beginning of active ingestion is smaller than when all larvae stay in the small spawning area. This decrease in density of individuals results also in larger areas for each individual during the settling process. Quantitative estimates of the migration structure of the Belt Sea 0-group-cod showed that the main part of these individuals stay in Subdivision 22 and 24 in November (Oeberst, 1999) .
The quality of estimates of the year-class abundance of the Belt Sea cod stock, T 0 (j), of the main prey component age group 1 herring, H 22 (j) and H 24 (j), and of the portion of active female spawners in March, P M35 (j) and P M45 (j), are not expected to lead to biased estimates of the analyses. On the one hand Bleil and Oeberst (1997) and Müller (1999) showed that the beginning of March is the most suitable time for estimating the portions of female cod in the Belt Sea that will participate in the spawning activities of the same year. The spawning activities in March did not progress in such a way that the earliest spawners had already finished the spawning process when the samples were taken. Therefore, it is not possible that females, which have the maturity stage II in March, have already spawned all eggs. On the other hand the spawning seasons finish in the late May / early June in this area. Thus, three months remain for maturity development of the female gonads until the maturity stage "spent". This period is too short for female cods with a maturity stage of II to spawn in the current year because the ripening of female gonads takes four months from maturity stage II until maturity stage VI.
The importance of female cods of age groups 3 and 4 and within the length range from 35 cm to 44 cm and from 45 cm to 54 cm for the recruitment success of the Belt Sea cod follows from the actual composition of the stock. The age groups 3 and 4, which are dominant in the length range from 35 cm to 45 cm, form between 52% and 86% of the potential spawning stock in number (ICES, 1999a) in the years investigated. These individuals produced between 64% and 86% of the potential population fecundity. Hence, strong changes of the portion of active female spawners in these length groups significantly influence the reproductive potential.
T 0 (j) is the first VPA independent estimate of the new year class of the western Baltic cod. The time interval between estimates of F A (j) and of T 0 (j) is very short and the influence of predators/cannibalism (Uzars, 1989 (Uzars, , 1995 is low in comparison with later estimates of the year-class abundance. The influence of feeding migrations into regions outside the western Baltic Sea is also low (Oeberst, 1999) and the influence of the fisheries regarding age group 0 can be neglected for the period prior to the surveys.
Analyses concerning possible factors that influence the variability of the maturity development of the Belt Sea cod stock suggest that the abundance of age group 1 herring and its spatial distribution in the western Baltic Sea as well as the mean temperature close to the bottom in Kiel Bay and in Mecklenburg Bay during the period from October to November are important.
The negative regression coefficient of the parameter mean temperature suggests that the faster the unfavourable summer temperatures decrease in autumn and winter the more the portions of active female spawners increase from November to March.
Inflow events transport water from the upper layer of the southern Kattegat into the deepest areas of the Belt Sea Matthäus et al., 1994 Matthäus et al., , 2000 . Since the cooling of the warm summer water starts in the surface layer and reaches the deepest water layers only after some months, inflow events speed up the decrease of the water temperature in the deepest regions. Therefore, inflow events improve the conditions for the development of the sexual products. Kjesbu et al. (1991) , Oganesyan (1993) , Lambert and Dutil (1997) and Marshall et al. (1998 Marshall et al. ( , 1999 showed for cod stocks in the Northwest Atlantic and in the Barents Sea that individuals with low condition, caused by poor feeding conditions, modulate the maturation process by atresia or skipping. Oganesyan (1993) describes for the Barents Sea cod that an essential number of potential spawners did not take part in the spawning. She assumed that a disruption of rhythm of reproduction is related to the insufficient accumulation of exogenous nutritients in the organism. These observations are obviously also true for the Belt Sea cod stock. The variations of age group 1 herring, the main food component for cod (Schulz 1987 (Schulz , 1988a (Schulz , 1989a influence the maturation process of cod significantly. The different signs of the regression coefficients show that spatial distribution of age group 1 herring is also important.
Summing up all results, a first indication of the new year class abundance of Belt Sea cod is already available before the beginning of spawning activities.
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